Background. Structural characteristics of social networks such as primary group size have received less attention than measures of perceived social support. Previous research suggests that associations between social network size and later common mental disorder status may differ according to sex and initial mental state.
INTRODUCTION Background
Structural characteristics of social networks such as their size have received less attention than measures of perceived social support Brugha et al. (2003) . In 1978 Scott Henderson showed that the size of the primary group, those felt to be close in a person's social support network, was significantly smaller in psychiatric outpatients than in community controls (Henderson et al. 1978) . These findings were replicated by Brugha et al. (1982) , and also by Meltzer and colleagues (1995 a) , who reported data from the first British National Survey of Psychiatric Morbidity.
There is evidence that the association of the size of the social network with common mental disorders (CMD) may vary with sex, particularly in studies of course and outcome. Thus, depressed female psychiatric patients with small primary groups had a significantly worse clinical outcome approximately 4 months later, but this was not true of males (Brugha et al. 1990) . A recent prospective study in a community sample of 32 women with major depression (Wildes et al. 2002) found that the total number of close confiding relationships was a significantly stronger predictor of depression approximately 1 year later than were life events. However, the possible importance of a second distinction, that between symptom development and prognosis, came with the finding that primary group size assessed antenatally in the community showed no relation to the emergence of CMD or depression in the 3 months after childbirth (Brugha et al. 1998) , although dissatisfaction with support from others did. In a crosssectional community study in Finland (Hintikka et al. 2000) , there were marked differences between the sexes, as only in men was the number of close friends associated with the risk of mental distress. Studies of loneliness also suggest that social network group size in community populations is more important for men than for women (Stokes & Levin, 1986 ). Other researchers have used different definitions and measures of social network size to examine interactions with sex, although without distinguishing symptom development and prognosis (Brugha & Britto, 1992; Kawachi & Berkman, 2001) .
Social network size may, therefore, have a greater bearing on the risk of developing mental ill health in men than in women, but it is possible that this gender effect is reversed when we look at the prognosis of those who are already assessed as cases. Four studies suggest that in women who are cases a small network of close others predicts a worse prognosis (Brugha et al. 1990 ; Wildes et al. 2002) but that it does not place women who are well at risk of developing disorder (Stokes & Levin, 1986 ; Brugha et al. 1998) . There is less information on men but it appears that the opposite may apply : men who are well but isolated are at risk of developing disorder but the prognosis for men who are cases is not predicted by the size of their close social network.
An 18-month follow-up of a national survey of people living in private households in Britain in 2000 (Singleton et al. 2001) provided an opportunity to study interactions between primary group size, gender and baseline mental health status in a community sample. Because symptoms and social networks were assessed at both interviews, it was also possible to examine reverse causality in the association between primary group size and the prevalence of the CMD (Paykel & Weissman, 1973) . We compared the effect of primary group size with a separate assessment of perceived social support, which has not generally been shown to interact with gender.
Hypotheses
We tested the following hypotheses :
(1) After controlling for initial symptom level, gender and other potential confounders, a small primary group at time 1 will predict the severity of CMD at time 2.
(2) Small primary group size will predict the prevalence of CMD at time 2 in men who are non-cases, and women who are cases, of CMD at baseline (time 1).
(3) The association between perceived social support at time 1 to symptoms at time 2 will not differ significantly between men and women.
METHOD Design
Full details of the design and sampling have appeared elsewhere (Singleton & Lewis, 2003) . The design involved establishing mental health status at two points in time. At time 1, addresses were sampled from sectors within regions throughout England, Scotland and Wales in 2000, stratified for socio-economic status. One adult aged between 16 and 74 years was selected at random per household yielding 8886 cooperating adults, a response rate of 69 % (Singleton et al. 2001) . The sample for the 18-month follow-up included three groups of people, selected on the basis of their mental health status at the time of the original national survey of people living in private households, was (with proportion selected) :
(1) All people who reported symptoms of CMD sufficient to obtain a score of 12+ on the instrument used to assess these disorders in the survey, the revised version of the Clinical Interview Schedule (CIS-R ; Lewis et al. 1992) and, therefore, identified as a case of mental disorder at time 1 (1 in 1 were selected).
(2) People without a mental disorder at time 1 but who did obtain a score of 6-11 on the CIS-R (1 in 1 were selected).
(3) Those people without disorder at time 1 and with little evidence of symptoms of CMD (i.e. with CIS-R scores of 0-5) (1 in 5 were selected).
In these three groups respectively the number selected was : 2026, 1212, 1068. Ninety-four per cent of follow-up interviews were conducted within 18 months (¡2 months) of the baseline interview.
Procedures
Initial contact with respondents was made by letter ; if this failed, the interviewer would try by phone to arrange a visit. A proportion of those who had moved were traced to their new address and asked to take part. Information was collected face-to-face using computer-assisted interviewing (CAI). The follow-up interview was based on a modified version of the questionnaire used in the baseline survey (Singleton et al. 2001) .
Data collection was carried out by interviewers from the fieldwork team of the Office for National Statistics (ONS). These were nonclinically trained, experienced survey interviewers who had participated in a one-day projectspecific training programme in the use of the survey instruments. Most had also participated in earlier surveys of psychiatric morbidity conducted by the ONS. Fieldwork was closely monitored by supervisors in the field and by headquarters staff.
Assessment
At baseline and follow-up ONS interviewers administered a sociodemographic questionnaire covering information, for example on accommodation, educational qualifications, age and income. They assessed the CMD using the CIS-R (we used data on disorder severity and case status and not on disorder type).
Primary group size was assessed with a series of questions from the Interview Measure for Social Relationships (IMSR) on the numbers of friends and relatives (aged 16 years and over) respondents felt close to (Brugha et al. 1987) . Data were collected about three groups of people :
(1) adults who lived with respondents and whom respondents felt close to;
(2) relatives who did not live with respondents, but whom they felt close to ; (3) friends or acquaintances who did not live with respondents but who were described as close or good friends.
The total number of close friends and relatives form an individual's 'primary support group ' (Henderson et al. 1978; Brugha et al. 1982) ; equal weight is given to particularly close relationships, such as an attachment figure or partner, close relatives, good friends within or outside the household. Frequency of social contact was not assessed. Adults with a total primary group size of three people or fewer have been shown previously to be at greatest risk of psychiatric morbidity (Brugha et al. 1993) .
Perceived social support was assessed from respondents' answers to seven questions taken from the 1987 Health and Lifestyle survey (Cox et al. 1987) . The seven questions take the form of statements that individuals could say were 'not true ', 'partly true ', or ' certainly true ' of their family and friends. Scores of 1-3 were obtained for each question and overall scores ranged from 7 to 21. The maximum score of 21 indicated no lack of social support ; scores of 18-20 indicated a moderate lack of social support and scores of 17 and below showed that individuals perceived a severe lack of perceived social support. The seven statements are :
There are people I know -amongst my family or friends -
(1) Who do things to make me happy.
(2) Who make me feel loved. (6) Who make me feel an important part of their lives.
(7) Who give me support and encouragement.
Descriptive statistics for the time 1 and time 2 samples, including demographic characteristics, CIS-R scores, social network size, and perceived social support detailed in earlier reports (Singleton et al. 2001 ; Meltzer et al. 2002 ; Singleton & Lewis, 2003 ; see also ONS, 2004) .
Weighting and adjustment procedures
Data from the baseline survey were weighted when analysed to take account of the varying probability of selection for individuals in different areas of the country and in different sized households. In order to take account of the differential non-response that occurred by region, sex and age group the data were also post-stratified to population control totals to provide a weight that rendered survey estimates representative of the GB population as a whole. Further weighting at follow-up was necessary to take account, first, of the different probability of selection of people in different sample groups, and secondly, non-response. The first stage of the weighting adjusted for the different sampling fractions in the sample groups (described above). For the second stage of weighting, an analysis was carried out using SPSS Answer Tree (SPSS Inc., Chicago, IL, USA) to identify groups of respondents with significantly different rates of non-response. Details of the calculation of the weights used are given in the survey report (Singleton & Lewis, 2003) .
Analysis
Analyses were based on the weighted data, performed using the survey commands in STATA 6.0 (StataCorp, 1999) , which gives more precision of parameter estimates [and thus, confidence intervals (CIs)] when using survey data incorporating probability weights. Clinical outcome was expressed as an ordered scale to reflect severity of disorder. The CIS-R was used to establish an overall symptom score that can in theory range between 0 and 57. The CIS-R total score at time 1 and at time 2 was divided into four groups (and 3 cut-points) : 0-5, 6-11, 12-17, o18. The time 2 score was employed as the dependent variable in ordinal logistic regression models, using the STATA command SVYOLOGIT, with primary group size, lack of perceived social support, age group and CIS-R grouped total score assessed at time 1 as predictors. With ordinal logistic regression (proportional odds modelling), equations are estimated for each outcome variable cut-point on an ordered scale but only one parameter estimate is reported for each predictor variable, carrying the assumption that the parameter does not differ substantially between equations. This so-called assumption of parallel regression was checked for reported odds ratios (ORs) (Snedker et al. 2002) using the Brant test, which is available for the OLOGIT command in STATA. Reported parameter estimates were exponentiated to provide equivalent 'averaged ' ORs for ease of presentation in a standardized form. Due to the strong relationship between the baseline score on the CIS-R and outcome we adjusted the OR estimates for age and CIS-R score at time 1 and sex (in analyses where the sexes were combined). The recommended CIS-R threshold score for significant psychiatric morbidity is o12 (Lewis et al. 1992) , which was used to divide the sample at time 1 into case and noncase subgroups for tests of interaction with baseline case status and for subgroup analyses. Planned tests of interaction between gender, baseline case status and primary group size were carried out in accord with the stated hypotheses. An examination of possible reverse causality was also carried out by modelling the effect of time 1 symptoms on time 2 small primary group size.
RESULTS

Survey response rates
The response rate was 68 %. Interviews were not possible for 492 people (14 % of the sample). Interviews were obtained from 2406 people, 79 % of those contacted. There were very few statistically significant differences between responders (n=2406) and non-responders (n= 1900) to this follow-up (Singleton & Lewis, 2003) . As occurs in most surveys, young, single people were slightly less likely to respond, while married couples with children were more likely to do so. There was also a slightly higher nonresponse rate in urban areas. Non-responders were also more likely to be renting their accommodation, to lack educational qualifications, and to have lower incomes than responders. A total of 31 % of respondents were cases (CIS-R score of o12) at time 1 and 34 % of non-responders were cases (Singleton & Lewis, 2003) .
Model results
The effect on future mental health of having a small primary group differed according to gender and according to whether or not the respondent was a case at time 1 (Table 1) . These analyses, stratified by gender and case status at time 1, show averaged ORs for level of CMD at time 2 adjusted for time 1 level on the CIS-R, age and sex as appropriate. A primary group size of 0-3 was significantly associated with time 2 CIS-R level in women who were cases at time 1 (adjusted OR 2 . 9, 95 % CI 1 . 5-6 . 9), but not in male cases (adjusted OR 0 . 9, 95 % CI 0 . 3-2 . 6). The analyses in men and women who were noncases at time 1 (Table 1) showed that a primary group size of 0-3 was strongly associated in men (OR adjusting for CIS-R level and age at baseline 4 . 5, 95% CI 1 . 9-10 . 5), but not in women (adjusted OR 1 . 5, 95% CI 0 . 7-3 . 4). Thus, in two of the four subgroups, the effect of small primary group size was statistically significant (Table 1) .
In these two significant subgroups we re-ran these models after adjusting for severe lack of perceived social support assessed from respondents' answers to seven questions taken from the 1987 Health and Lifestyle survey (Cox et al. 1987) , while adjusting for age and severity of CMD at time 1. In male non-cases at time 1, the adjusted OR for small primary group size increased slightly to 5 . 1. In female cases at time 1, after controlling for the same confounders including severe lack of perceived social support, the OR for small primary group size remained statistically significant at the 5 % level but dropped to 2 . 6 (95 % CI 1 . 2-5 . 3). The crude OR (without adjusting for any potential confounders) was unchanged in male non-cases but in female cases the crude OR for time 1 small primary group size was slightly greater (3 . 5, 95 % CI 1 . 9-6 . 5).
The final subgroup analyses considered the possible effect of severe lack of perceived social support after controlling for small primary group size and the other confounders in the same two subgroups: the effect of severe lack of perceived social support at time 1 on CMD at time 2 was not statistically significant.
Outcome was examined in four models of interactions between a small primary group size with gender and with baseline mental status in Table 2 . Of the four tests for statistical interaction carried out only one test was clearly not statistically significant, interaction with baseline case status in women (Table 2 ). These interactions are not completely explored in the subgroup analyses in Table 1 because the effect of gender and of time 1 CMD on CMD at time 2 could also vary according to the size of the primary group. There was no evidence for differences in the effect of time 1 case status in those with a small primary group size compared with larger sizes. However, in non-cases at time 1 the effect of gender on CMD at time 2 was found to vary by size of primary group : female gender was protective when primary group size was small (OR 0 . 24, 95 % CI 0 . 07-0 . 82, p<0 . 05) and increased risk of time 2 CMD when primary group size was large (OR 1 . 80, 95% CI 1 . 30-2 . 51, p<0 . 01).
Subgroup analyses and tests for interaction were also carried out for severe lack of perceived Adj. OR, adjusted odds ratio ; CI, confidence interval. Dependent variable CIS-R total score at time 2 in four groups: 0-5, 6-11, 12-17, o18. Analyses adjust for age, sex and CIS-R group level at baseline as appropriate. ** p<0 . 01.
social support (primary group size was not included). In one subgroup, male non-cases, the effect of perceived lack of social support was clearly not significant and in the other male subgroup, cases at time 1, it was borderline (p=0 . 06). In both female subgroups the effect of perceived lack of social support on time 2 CMD was clearly statistically significant. However, tests for interaction between severe lack of social support by both baseline mental status and by gender were clearly not statistically significant. Our final analysis examined predictors of small primary group size. In men and women baseline mental status at time 1 was significantly associated with small primary group size at time 2 (Table 3 ). The effect appeared to be greater in women but there was no statistical interaction with gender. Following adjustment for primary group size at time 1 the effect of time 1 CIS-R mental status continued to be strong and statistically significant in women and was of borderline statistical significance in men (Table 3) .
The assumption of parallel regression test as to be expected was significant for gender and for the CIS-R case threshold when both groups were modelled, but these were addressed by the stratified analyses in which all but one of the tests was negative. All the tests were not significant for small primary group size. The test for severe lack of perceived social support was significant in one subgroup only, female non-cases (p=0 . 04).
DISCUSSION
Summary of findings
We report new data supporting earlier findings that the relation of small primary group size to subsequent mental health is conditional on gender and baseline mental health status. In subgroup analyses, the association of small primary group size with future mental health was conditional upon gender and baseline case status revealing strong effects in men who were non-cases and in women who were cases (Table 1) but not in the other two subgroups. More stringent formal tests for interaction with gender and baseline status, although less clear cut, showed statistically significant findings in men for interaction with baseline mental status and in non-cases for interaction with gender at time 1 (Table 2 ). In general, the relationship of perceived social support at time 1 to symptoms at time 2 did not differ significantly between men and women. The effect of a small primary group size at time 1 on the severity of psychiatric disorder at time 2 in male non-cases and female cases remained statistically significant after controlling for time 1 case status and for other confounders measured at time 1, age and perceived social support. Baseline mental status independently predicted follow-up primary group size in women but not in men when the effect of time 1 primary group size was adjusted for.
Study limitations
A common limitation in longitudinal research is the difficulty of quantifying the effect of sample attrition. However, in this study there were very few significant differences between responders and non-responders (Singleton & Lewis, 2003) , the latter tending to be younger and more likely to be urban dwellers. The study also had limited OR, Odds ratio ; CI, confidence interval. All analyses adjust for : gender, age, time 1 CIS-R level as appropriate. Dependent variable CIS-R total score at time 2 in four groups : 0-5, 6-11, 12-17, o18. * p<0 . 05.
power to detect potentially useful effects in smaller subgroups such as cases. This applies particularly to tests for statistical interaction. This is one of the reasons for reporting subgroup analyses as well as interactions, so that the weight of non-significant interaction tests can be judged. More generally, there are limits to what can be achieved by epidemiological studies because it is not feasible to conduct very detailed assessments of social and mental health functioning. For example, our finding that size of social network predicts future mental health after controlling for a measure of perceived social support may suggest that both measures assess social support in distinctly different and not clearly understood ways. Other approaches to studying gender and social relationships would be of value, employing qualitative methods and behavioural observation methods.
Another possible limitation in the present study was that measures of risk factors and neurotic symptoms were based only on precisely prescribed questions with no allowance for follow-up enquiry (Brugha et al. 1999) . The mental health assessment used in the present analyses may be open to further criticism. A particular limitation of this study is the lack of detailed information on the timing of symptom recovery and development both during the 18-month interval between assessments and in the past. One possible objection is that individuals who were symptom free at both assessments might have become symptomatic and have recovered between the assessments and, thus, would have been incorrectly classified in our models. However, accurate information on the origins, development and remission of symptoms would have to rely either on retrospective data collection, with its attendant greater unreliability (Andrews et al. 1999) , or on frequent re-assessments from an early age that impose a considerable burden of cooperation.
Many critical issues have been raised by research findings on social support and mental disorder. Early development (Champion, 1995) and personality traits (Alloway & Bebbington, 1987) may be important determinants of social support for which we did not use standard measures in this study. However, it was possible to consider whether effects operate in both directions. The difference between the unadjusted and adjusted models of follow-up symptom severity attributable to small primary group size suggest that the effect of primary group size at time 1 on future mental disorder is partly attributable to symptoms assessed at that time, at least in women. However, even when time 1 symptoms are taken into account small primary group size is significant in predicting future symptom levels. The finding that future mental health status is predicted, even when a range of potential confounders is adjusted for, deals with the argument that a small primary group size follows from and does not influence mental disorder. While the effect of baseline primary group size on later primary group size is both considerable and as one would expect highly significant, that of prior symptoms appears be small in comparison and it differs somewhat between men and women. In men only, when baseline primary group size is adjusted for, the effect of baseline mental status on small primary group size at outcome is of borderline significance. Nevertheless, longer-term follow-up studies are needed to examine the primary effect of symptom expression on the size of personal social networks and vice versa from the earliest development of each, which would be particularly valuable if begun before the beginning of male and female adolescence.
Interpretation of findings
We found that small primary group size is a predictor of mental health even when severe lack of perceived social support is adjusted for, which suggests that these two predictors are relatively independent of one another in their effects on later CMD. Most measures of social support tend to capture satisfaction with, and the adequacy of personal relations, and ask the respondent to conduct an appraisal of supportiveness from others (Lakey & Cohen, 2000) . Even where social relationships are studied, the focus tends to be on relationship qualities such as companionship, conflict, intimacy, rather than on the number of relationships. The present and previous studies of primary group size have their origins in social integration (Brissette et al. 2000) and social network theory. In this, network size and other structural properties of networks are of interest (Mitchell, 1969) . This structural approach is infrequently used in studies of physical or mental health. Mean network size has been studied in various animal species, suggesting species-specific as well as context-and environment-specific influences (Wilson, 1975) . Network size may be a valuable paradigm for integrating social and biomedical research (Brissette et al. 2000) . Our findings are complex but confirm similar patterns of association in different study samples over a 15-year period. The pattern of conditional associations seen in subgroup analyses, partially supported by the more stringent statistical tests of interaction, pose intriguing questions of interpretation that have implications for research on social functioning in psychiatry. Some have been discussed before. With regard to gender, women do not differ substantially from men in the size of their primary groups (Brugha et al. 1990; . Brugha and colleagues (1990) , however, speculated only when women develop a significant spell of disorder do they begin to discover who really can be relied upon, that is close as distinct from 'fair-weather ' friends. Mentally unwell women describing their close network may, therefore, be revealing a less optimistic but more accurate account ; when they describe a small primary group size this may be more likely to accurately reflect a more limited range of support sources. Brugha and colleagues (1998) found that primary group size fails significantly to predict future mental ill health in women in the community, which would appear to fit with this perspective.
However, in men the findings were clearly and precisely opposite. This tallies with literature quoted in the Introduction to this paper and with the finding of Brugha et al. (1990) that the outcome of depression in men was not predicted by the number of close others, although it was predicted by the number of non-close acquaintances and casual social contacts in the previous week (Brugha et al. 1990) . Why should primary group size assessed when relatively symptom free so clearly explain future mental health in men but not in women ? The suggestion that mentally well men are more discerning than women about whom they can count on as close seems counter-intuitive. However, the possibility that they are less discerning when mentally unwell may be more plausible. Women are more often tied by family and social obligation, and even when emotionally unwell or 'let down ' by others are less free to walk away, particularly when they have care responsibilities for children or disabled relatives. The post-hoc finding that increased risk of poor mental health at time 2 in women appears to apply to non-cases at time 1 with a larger primary group size (which needs to be replicated) also draws attention to the possible potential for close relationships to be burdensome. Not being so easily able to evade responsibilities may mean that women with CMD learn more quickly who among their close others can be relied upon, because they have little choice. Men may display more irritability and anti-social behaviour when mentally unwell and, therefore, may not rely on close others -perhaps, seeking and drawing upon less formal and other sources of support. The size of a man's primary group may also be a function of prestige and position in the social hierarchy that is protective in the face of adversity. Many other explanations could be put forward, for example based on social role theory (Eagley, 1987) -the key issue is that research is needed to explore the underlying explanations for these consistent findings.
In conclusion, in those who are not cases of CMD in the general population we have demonstrated a striking difference between the sexes in the effect of having a small primary group on future mental health that is not explained by adjustment for other potential confounders or indeed by perceived social support. In spite of a considerable literature on social support for over two decades very little attention has been given to the potentially more objective role of social network structure and the possible role of such statistical interactions. Hopefully these findings will now stimulate renewed interest and enquiry into the origins of CMD.
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